Abstract: This paper combines the static effect of ownership and the dynamic effect of privatization on bank performance in China over 1995-2010, reporting a significantly higher performance by private intermediaries -joint stock commercial banks and city commercial banks -relative to state-owned commercial banks. However, publicly traded banks, subject to multiple monitoring and vetting in capital markets, perform better regardless of ownership status. The privatization of banks has improved performance with respect to revenue inflow and efficiency gains in the short-or long-run (initial public offerings). The positive long-run effect is more relevant and significant for banking institutions with minority foreign ownership. Moreover, this paper innovatively estimates interest income efficiency and non-interest income efficiency at the same time. The results suggest that Chinese banks are much more efficient in generating interest income than raising non-interest revenue, although the latter aspect has improved significantly during the sample period.
Introduction
China, one of the fastest growing countries in transition, is leaping from its socialist past to its current market-oriented environment. In fact, much of the double-digit type growth experience in China was achieved without a modern banking system in place. Starting only in 2005, the largest Chinese banks entered the capital markets shattering the previous market capitalization records for financial intermediaries in the initial offering markets, making China home to four of the world's 10 biggest banks by market capitalization. This nevertheless gives rise to an interesting research question: what are the main driving forces for Chinese banks' rapid catching up in performance?
To improve bank efficiency and pave the way to a modern banking system, the central government commenced more radical reforms since the end of the 1990s. The first step was to recapitalize the largest state-owned commercial banks (SOCBs) and billions of dollars were injected while eliminating non-performing loans (NPLs) from their books. The paper makes a number of contributions to the literature. Firstly, it investigates the effects of reforms on bank performance, enriching the literature from the perspective of transitional as well as developing countries. In particular, it focuses on the static effect of ownership and the dynamic effect of privatization on bank efficiency and goes beyond the findings and explanations of the existing literature (e.g., Berger, Hasan and Zhou 2009; Berger, Hasan and Zhou 2010) . It should be noted that China has adopted a gradual reform approach, which is different from banking reforms in other transition economies in Central and Eastern Europe where foreign banks played a vital role, and in the former Soviet Union block where a -sudden death‖ approach prevailed by creating new banking systems. Experiences and lessons from China will be of particular interest to policy makers in other developing countries, e.g., Vietnam, Cambodia, Bolivia, Angola and to 4 some extent Malawi that have similarities to the -Chinese Model‖ when implementing new economic and financial reforms in recent decades.
Secondly, this study breaks down profit efficiency by innovatively estimating interest income efficiency and non-interest income efficiency. Modern banks have increasingly engaged in more profitable fee related activities while diversifying income sources to minimise unsystematic risks. More detailed efficiency analysis on different income generating activities is complimentary to cost efficiency and profit efficiency analysis.
Findings will be more informative and relevant to both policy makers and practitioners.
Finally, the paper also makes advances in methodological terms. It addresses the exogeneity problem of input prices when estimating cost (profit) efficiency -an overlooked methodological issue in the literature. Most efficiency studies use endogenously determined bank-specific input prices 2 , which is in contradiction with the assumption of the cost (profit) function that firms face exogenous input prices in competitive factor markets. Poor measurement of explanatory variables could substantially distort efficiency estimates (Greene 1993), which is empirically supported by Mountain and Thomas (1999) . However, so far, only a few studies use market average input prices, starting from DeYoung and Hasan (1998) , to Berger and Mester (2003) , Patti and Hardy (2005) , Bos and Kool (2006) , and Koetter (2006) . Of course, the choice of input prices would not matter if bank-specific and market average input prices provide similar cost (profit) efficiency estimates. But if they do not yield similar results, the measurement of input prices can influence the interpretations of bank efficiency studies.
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So far, only Koetter (2006) and Mountain and Thomas (1999) investigate the potential impact of misspecification of input prices in Germany and the US. This study enriches this rather thin strand of literature by estimating bank efficiencies using both bankspecific and market average input prices to probe whether, if any, how the alternative measurement of input prices affect efficiency estimates.
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Combining the static effect of ownership and the dynamic effect of privatization 4 on bank performance in China over 1995-2010, this paper reports a significantly higher performance by private intermediaries -joint stock commercial banks and city commercial banks -relative to state-owned commercial banks. Publicly traded banks operating in capital markets subject to multiple monitoring and vetting are more efficient regardless of the nature of owners. Chinese banks' non-interest income efficiency level is rather low, compared with cost efficiency, profit efficiency and interest income efficiency.
We find that the privatization of banks has improved performance: attracting foreign investors strategy has improved bank efficiency in the long-run, partly due to the transfer of new technology and know-how in financial intermediation; and IPOs strategy has delivered immediate efficiency gains but at a diminishing pace in the long-run. Moreover, China's WTO entry has brought about bank efficiency losses perhaps due to more 3 Employing a one-step stochastic frontier approach (SFA), the paper reveals that the use of bank-specific input prices tends to overestimate cost efficiency while underestimating profit efficiency.
6 prudent regulation, while changes in regulatory environment seem to have helped banks improve profitability.
The rest of this paper proceeds as follows. Section 2 reviews literature on bank efficiency.
Section 3 discusses research methodologies. Section 4 analyzes empirical results, and section 5 concludes.
Literature review
During the last decade or so research interests in bank efficiency have extended to developing and transitional economies. Bank ownership and governance structure are two important and well-explored topics of study. In these centrally planned economies, state ownership of banks was pervasive and banks usually dominated the financial sectors but played a very limited economic role. It is believed that governments could channel funds to sectors (projects) with low financial returns but high social benefits. Governments could act -benevolently‖ when there is a desire to promote industrialization and development but lack of sufficient private (venture) capital to finance growth. Therefore, state ownership is economically efficient by balancing social and economic objectives (Megginson, 2005 Empirical studies suggest that banks with foreign ownership are significantly more efficient (e.g., Hasan and Marton 2003; Fries and Taci 2005) and therefore strategic foreign investors are desirable during banking privatization (e.g., Bonin, Hasan and Wachtel 2005b) . On the other hand, banks going public are subject to market discipline that is believed to encourage managers to improve efficiency in order to remain in the market. IPOs may also serve as strategic moves and increase the publicity or reputation of the firm (Bradley, Jordan and Ritter 2003) . Empirical evidence shows that publicly traded 9 firms are more efficient in the US (e.g., Berger and Mester 1997) and China (e.g., Jiang, This study extends existing literature in the following directions. Firstly, it controls for NPLs which was overlooked by existing studies perhaps due to the lack of data. 5 NPLs quasi-fixed input (netput) so that our models not only take into account the cost of debt but also the cost of equity (Hughes and Mester 2010) . NPLs is treated as a control variable following Berger and Mester (1997) rather than an undesirable output as in Park and Weber (2006) since the main causes of NPLs in Chinese banking industry are considered to be exogenous to any individual banks.
This study uses market average input prices that are exogenous to any individual banks and therefore complies with the competitive factor market assumption of the cost (profit) functions, while using bank-specific input prices for gauging the impacts of mismeasurement of input prices. The use of bank-specific input prices is expected to underestimate cost inefficiency as it fails to take account of possible high costs caused by a bank's inability to acquire inputs at lower market average prices -the allocative inefficiency.
Due to the lack of separate data on labour, the price of labour and physical capital is defined as the ratio of non-interest expenses to total assets (Hasan and Marton, 2003) .
Labour and physical capital markets are defined by bank types. Market average prices of labour and physical capital are calculated as the un-weighted average of the prices of banks belonging to the same bank type excluding the banks' own price (Koetter 2006 ).
The price of funds is defined as the ratio of total interest expenses to total interest bearing funds. A single national fund market is defined for all domestic banks based on the fact that the interest rates were under tight control by the Central Bank and commercial banks were strictly restricted in setting interest rates in the data period, although the control was 12 slightly relaxed in the last few years. The market average prices of fund are computed as the un-weighted average of the prices of the other banks excluding the banks' own price.
Data are mainly collected from BankScope, complemented by data from the Almanac of China's Finance and Banking (1986-2010) [ Table 1 around here]
6 Sources include The Banker (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) , individual banks' website, press release, and government officials' speeches 7 CCBs have been constructed as joint-stock commercial banks from the mid-1990s by restructuring and consolidating the former urban credit cooperatives. They were restricted to operate within their municipalities' localities and subject to certain local government intervention until recently some of them were allowed to operate cross their municipalities' regions.
8 Although our dataset only include 32 CCBs with data available out of more than 110 CCBs, they are the most influential CCBs accounting more than 50% of CCBs' total assets.
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The empirical specification of the cost frontier in translog form is shown in Equation (1).
The standard restriction of linear homogeneity in input prices is imposed using the price of fund (w 2 ). Total costs, profits, output variables, and netputs are normalized by total assets to control for scale biases and heteroskedasticity. The alternative profit frontier and its two variations -the interest income frontier and the non-interest income frontier -are estimated by replacing total costs with total profit, total interest income, and total noninterest income with necessary adjustments to error terms in Equation (1).
where TC is the total costs of a bank in a given year; TA is the total assets of a bank in a where t is a time trend; it X is a vector of variables defined in Table 2 .
As defined in Table 2 Launch -take a value of one after these events and zero before. The time trend t is for capturing the catching up effect of efficiency.
[ Table 2 around here]
Empirical results

Results from frontier estimations (Eq. 1)
Maximum-likelihood (ML) estimates of parameters are obtained using FRONTIER4.1 (Coelli, 1996) . Table 3 that all models are of good fit and estimated parameters and LR test confirm a large part of the total composite error term attributable to inefficiencies.
[ Table 3 around here]
9 As the interpretation of single coefficient is not straightforward when employing a translog functional form, we focus on estimated parameters.
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As expected, the measurement of input price matters -the use of alternative market input prices leads to lower cost efficiency but less influential on profit efficiency, consistent with Koetter (2006) . Estimated average cost efficiency and profit efficiency using market average input prices are 76% and 78%, compared with those of 88% and 74% using bank-specific input prices, respectively. The use of bank-specific input prices overestimates cost efficiency by 12 percentage points and underestimates profit efficiency by 4 percentage points. As shown in Fig.1 , the use of bank-specific input prices distorts cost efficiency evenly throughout the sample period but affecting profit efficiency more significantly in the first half of the sample period when Chinese banks relied more on interest income. In addition, bank-specific input prices result in a slightly downward bias in interest income efficiency but an upward bias in non-interest income efficiency. It is evident that input price measurement matters, and hence the following analysis will focus on estimations using market average input prices.
[ Fig.1 around here]
The estimated mean cost efficiency and profit efficiency are 76% and 78%, respectively.
Breaking down total profits into interest income and non-interest income, we obtain mean interest income efficiency and non-interest income efficiency of 80% and 33%, suggesting that bank profitability is mainly driven by interest income. Fig. 2 Major commercial banks were encouraged to extend new loans without strict restrictions.
These new loans are profitable in the short-term but their long-term performance may be questionable.
The evolution of interest income efficiency over the sample period is similar to that of profit efficiency, rising 15 percentage points from 68% in 1995 to 91% in 2010. Interest income efficiency is slightly more resistant to financial crises than profit efficiency. For instance, during the 1997-98 Asian Financial Crisis, profit efficiency dropped by 9
percentage points in one year, while interest income efficiency declined by only 5 percentage points. Over the sample period, non-interest income efficiency improved significantly although there was ample room for improvement as the highest efficiency level was only 45%.
Results from the inefficiency effect model (Eq. 2)
Results from the inefficiency effect model (shown in Table 4 ) are of particular interest as they offer insights into the impacts of ongoing banking reforms in China.
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[ Table 4 around here]
In the cost efficiency model, the coefficients of SOCBs ( 1  ) and JSCBs ( 2  ) are negative and significant, indicating that SOCBs and JSCBs are more efficient than the control group of CCBs. JSCBs are the most efficient banks at an average cost efficiency of 87%, followed by SOCBs of 84% and CCBs of 72%. As shown in Fig.3 (a) , the efficiency level of JSCBs was more stable relative to SOCBs and CCBs over the sample period. The cost efficiency of CCBs struggled at low level between 60-70% in the first half of the sample period and then steadily improved from 2002. Fig. 3 (a) shows a converging trend in cost efficiency levels across different types of banks.
[ Fig.3 around here]
In the profit efficiency model, the positive and significant coefficients of SOCBs positive and significant. The estimated non-interest income efficiency for CCBs is at a rather low level of 41%, which is still far ahead that of JSCB at 13% and SOCBs at 4%.
As shown in Fig.3 (d 
